Gluten is widely discussed in dough and breadmaking subjects but the focus has not been on the production of gluten itself for usage and application in the food industry. This paper presents some modelling studies of gluten production using response surface methodology (RSM) by varying three main factors that contribute towards gluten formation during dough mixing, which are the mixing time, salt and water levels. The gluten produced was measured for its quantity in terms of wet and dry gluten contents and for quality, in terms of volume expansion of fried gluten and extensibility of gluten. Two wheat flour types, the strong and weak were used as comparison. The experiment was designed following a standard RSM design, known as the central composite design. The results of analysis of variance indicated that the proposed mathematical model obtained can adequately describe the production of gluten within the studied factor limits. The coefficient of determination, R 2 of all the responses were higher than 0.80. Results show that salt gave the most significant effect (0.0001
INTRODUCTION
During the course of mixing wheat flour with water, gluten fibrils are formed spontaneously and extended from their surfaces into the surrounding water. As mixing continues, more proteins become hydrated and gluten tends to align and stretch into a long chained network. When the starch is removed from the flourwater dough with water, a viscoelastic mass called wheat gluten is obtained.
Some of the main important factors that affect gluten properties during dough mixing are the flour composition, ingredients used and the process parameters (Wang, 2003) . Strength of gluten is largely determined by the amount of protein content in wheat flour. As such, strong wheat flour which has higher protein content produces stronger gluten and higher quantity of gluten compared to the weak flour. This was reported in several literatures, such as the effect of protein content on breadmaking quality (Janssen et al., 1996; Sliwinski et al., 2004b; 2004c) , on volume expansion of fried gluten (Chiang et al., 2006) and on extensibility of gluten (Tronsmo et al., 2003; Sliwinski et al., 2004a; 2004c) . Mixing is an important step in producing gluten with desired strength as to produce a good quality end-product. In order to achieve optimum dough development, the mixing time and work input must be above the minimum critical level (Angioloni and Dalla Rosa, 2005) . At optimum dough development, the interactions between the polymers cross-links become stronger and leads to an increased dough strength, maximum resistance to extension and restoring force after deformation. When a dough is mixed longer pass its optimum development, the cross-links begin to break due to the breaking of disulphide bonds. During mixing, water is responsible in hydrating the protein fibrils and starting the interactions between the proteins cross links with the disulphide bonds. Optimum water level must be used in developing cohesive, viscoelastic dough with optimum gluten strength (Faubion and Hoseney, 1989) . Optimum water level differs according to the flour types. Strong flours require higher water level than weak flours due to the higher protein content and dense particles in strong flours. Protein content is known to be an important factor in determining the water uptake of flour (Sliwinski et al., 2004c) .
Other ingredients such as salt, fats, yeast, emulsifiers and enzymes are added according to the requirement of the produced end-product. As salt is said to have a strengthening or tightening effect on the gluten during mixing of dough (Niman, 1981) , salt is made one of the factor in this study. Niman (1981) also reported that the presence of salt can accelerate gluten formation, tighten the dough and increase the mixing time. Roach et al. (1992) suggested that the influences of salt on the protein solubility affect the dough properties (i.e., mixing requirements, optimum absorption, and ease of processing) and bread quality (loaf volume). Salt decreased the solubility of protein in the wheat flour dough as its concentration increases.
The research on gluten quality has been extensive for many years (Tronsmo et al., 2003; Kuktaitė, 2004) . Previous studies on the effect of process parameters and ingredients on gluten extensibility mainly discussed on its relation with baking quality (Janssen et al., 1996; Tronsmo et al., 2003; Sliwinski et al., 2004a; 2004b; 2004c) . The production of gluten as a subject to be used in other food applications has not been reported. The quantity and quality of gluten produced as affected by the factors have not been evaluated directly. As such, this work investigates the effect of mixing time, salt and water levels towards gluten formation during dough mixing through modelling studies using the response surface methodology (RSM). The gluten wet and dry gluten, gluten volume expansion and extensibility were measured as quality and quantity of gluten production responses.
MATERIALS AND METHODS

Experimental design
The RSM was used to design the experiment and determine the adequate model for gluten production. RSM is a collection of mathematical and statistical techniques useful for modelling and analysis of problems in which a response of interest is influenced by several variables and the objective is to optimise this response (Montgomery, 2005) . Three coded levels for each factor (Table 1) were constructed using the Design Expert statistical software (Version 6.0.4, State-Ease Inc., Minneapolis, USA). Tables 2 and 3 show the experimental design constructed for gluten quantity and quality analysis, respectively. There was a total of 17 runs with six star points and three replicates of centre points for experiments for quantity analyses. There was no replicate for factorial points. For the quality analyses, a total of 36 runs were conducted for each volume expansion and extensibility analysis, with six star points, three replicates of factorial points and six replicates of centre points. The experimental design was similar for both strong and weak flour. A, B and C are the coded factor for mixing time, salt and water levels, respectively. +1  11  +1  -1  +1  12  +1  +1  +1  13  -1.68179  0  0  14  -1  +1  +1  15  0  1.68179  0  16  +1  +1  -1  17  -1  +1  -1  18  -1  +1  -1  19  +1  -1  -1  20  -1  -1  +1  21  0  0  0  22  0  0  0  23  -1  +1  +1  24  0  0  0  25  -1  -1  -1  26  0  0  0  27  -1  +1  +1  28  +1  -1  +1  29  +1  +1  +1  30  0  0  0  31  +1  -1  -1  32  0  0  -1.68179  33  -1  -1  +1  34  -1  -1  -1  35  +1  +1  -1  36  +1  -1  +1 A polynomial mathematical model equation (equation (1)) was defined for each response from the experimental data. Coefficients of the model equation were predicted by employing a multiple regression technique (Baş and Boyacı, 2007) . The experimental result was used to fit the polynomial equation which includes all interaction terms (Rahman et al., 2004; Sharma et al., 2007) .
Y i is the predicted response, x i and x j are the independent variables, k is the number of independent variables, β o is the constant, β i is the linear coefficient, β ii is the quadratic coefficient and β ij is the interaction coefficient.
The model was verified by performing analyses of variance (ANOVA) to test the significance of the model, testing of lack of fit and prediction error sum of squares (PRESS) residuals to determine the coefficient of determination (R 2 ).
Dough and gluten preparation
Two types of flour, Diamond N (12.33% protein) and SP-3 (8.81% protein) were used in this study and referred as the strong and weak flour, respectively. Figure  1 shows the flow of dough and gluten preparation for quantity and quality measurements. Each dough was prepared by mixing 200 g flour with water and salt in a hook mixer (5K5SS, KitchenAid, Belgium) for various mixing times following the experimental design presented in Tables 2 and 3 . The dough was left to stand in water for 1 hour at room temperature to rest (AACC, 1976) . Rested dough was washed under running tap water at flowrate of 2.5 to 2.8 ml s -1 to remove starch until gluten was obtained, i.e. by evaluating the water one to two drops of water squeezed out from the gluten into a container containing clear water at the end of washing (AACC, 1976) . Starch is assumed absent if cloudiness did not appear. The three routes of gluten preparation were meant for the wet and dry gluten analysis, gluten volume expansion analysis and gluten extensibility analysis. For the wet and dry gluten tests, rested gluten was taken out and pressed dry between cloths, rolled into a ball shape and weighed on a 5 cm x 5 cm aluminium foil. It was repeated for all six gluten. For gluten volume expansion analysis, a volume of wet gluten was obtained based on 200 g flour, measured using water displacement method and recorded as V i . Right after weighing, the gluten was rested for 30 minutes in water at room temperature (Chen et al., 1998; Chiang et al., 2006) . For extensibility analysis, the gluten was dried between dry cloths, shaped into a ball shape and hand-pressed to a thickness of 10 mm. A paper clip with 10 mm gap was used to print a 10 mm width on the gluten as a guide for cutting into strips with 70 mm length using a paper cutter. The 10 x 10 x 70 mm gluten strips of approximately 5.5 ± 0.5 g were immersed in tap water at room temperature and left for 30 minutes to rest (Chen et al., 1998; Chiang et al., 2006; Abang Zaidel et al., 2008) .
Gluten analysis
Wet and dry content analysis
The percentage of the wet gluten content was calculated based on 25 g of flour.
The dried gluten content was obtained from the wet gluten which was dried to constant weight at 100 o C for 24 hours (AACC, 1976) in an oven (UM200-800, Memmert GmbH+Co.KG, Germany), left to cool for one hour and weighed using the air oven drying method. The average value of six samples was taken for both the wet and dry gluten contents.
Volume expansion analysis
The volume expansion of gluten was obtained from fried gluten following Chen et al. (1998) . Frying was conducted in a 2l deep-fryer (PDF-9989, Pensonic, Malaysia) at about 170 ± 5 o C for 15 minutes. The volume of fried gluten (V f ) was measured abruptly after being removed from the oil and left alone for 5 minutes for oil draining using the mustard seed displacement method. About 20 ml mustard seeds were poured into a container of known volume, V 1 , and the fried gluten was put into the container before filling the container with mustard seeds until slight overfill. Excess seeds were scraped off the top of container with a ruler. The seeds used were then transferred into a measuring cylinder to find its volume, V 2 , by the aid of a funnel. The volume of fried gluten, V f , was calculated as
The volume expansion of fried gluten (V e ) was obtained by finding the volume difference between the fried (V f ) and wet gluten (V i ). The extensibility test was performed using a tensile test. The tensile test set-up consists of a V-shaped hook made from metal rod of 3.2 mm diameter and attached to the Instron (5566 series, Instron Corporation, USA). The gluten strip was clamped at its two ends using plastic clips at 40 mm apart, levelled horizontally by the hook and pulled up by the vertical movement of hook at a speed of 300 mm min -1 until the gluten fractured. Three replicates were performed and error bars are the standard deviation of the mean of three samples. The extensibility in terms of length of gluten at fracture was calculated based on derivation of rheological properties of gluten in Abang Zaidel et al. (2008) . Table 4 presents the results of the model selected for gluten measurements. The values of "Prob>F" in Table 4 are less than 0.05, i.e. at 95% confidence level which shows that the models are statistically significant and demonstrate that the terms have a significant effect on the response. The insignificant terms, "Prob>F" greater than 0.05 for individual coefficient in the models were removed using backward elimination. The result of insignificant lack-of-fit test indicate that the models are adequate to be used as a good prediction of the data as the lack-of-fit test is a measure of the failure of a model to represent data in the experimental domain at which points were not included in the regression (Varnalis et al., 2004; Gan et al., 2007) . The other important verification of the model, the coefficient of determinations, R 2 , are over 0.80 and acceptable as R 2 explains the overall predictive capability of the model. The value of R 2 approaches unity when the response model fits the actual data (Chiang et al., 2007) . The selected models indicate that more than 80% of the variability in the data is explained provide excellent explanation of the relationship between the independent factors and the response. The result of ANOVA is presented in Tables 5 and 6 where the F-value for each individual coefficient and its significant level are given. Figures 2 and 3 show the effect of mixing time, salt and water level on wet gluten content for strong and weak flour gluten. From Figure 2(a) , a slight increase in wet gluten content was observed as mixing time increased with addition of 2% salt. As for the combination of higher water level and salt level, wet gluten content decreased with increasing mixing time. The addition of high level of salt and water may have weakened the gluten network (Danno and Hoseney, 1982) and thus produced less gluten. The results in Figure 3(a) show that for weak flour gluten, the wet gluten content decreased with increasing mixing time. However, the wet gluten content increased slightly with addition of 2% salt at low water level. This suggests that small amount of salt added to the dough during mixing strengthen the protein network and helped in gluten development (Niman, 1981) . Figure 2 (b) shows a clear trend of decreasing in the wet gluten content as the salt level increased for all mixing times and water levels. It might be explained that globulin was removed during gluten washing due to its high solubility in salt solution (Wang, 2003; Kuktaitė, 2004) and thus reduced the quantity of gluten remained from dough washing. Similar observation was obtained for weak flour gluten which also shows decreasing trend for the effect of salt level in wet gluten content as presented in Figure 3(b) . As shown in Figure 2(c) , there was an increase in wet gluten content with increasing water level with the addition of 2% salt but a decrease was observed for the addition of 8% salt. 5% salt addition did not significantly affect the wet gluten content as water level increased. Figure  3 (c) illustrates that the wet gluten content for weak flour decreased as water level increased with the exception for the gluten with addition of 2% salt mixed for 5 minutes. This observation explains that increasing water level during dough mixing produces weaker gluten network. This result is in agreement with Faubion and Hoseney (1989) who reported that the dough mixed with high water level has the same properties as overmixed dough. Among the three factors, salt gives the most significant effect on the wet gluten content for both flours compared to mixing time and water content. This is supported by the ANOVA results presented in Table 5 . Figure 3: Effect of (a) mixing time at 57.50%, 59.50% and 61.50% water level respectively (with 2%; 5%; 8% salt levels), (b) salt at 57.50%, 59.50% and 61.50% water level respectively (with O 5 min; 8 min; 11 min mixing times) and (c) water levels at 5 min, 8 min and 11 min mixing time respectively (with 2%; 5%; 8% salt levels) on wet gluten content for weak flour Table 4 . However, with addition of 8% salt and higher water level, a slight decreased was observed in dry gluten content with increasing mixing time. Figure 5(a) shows that the dry gluten content for weak flour decreased slightly as mixing time increased, as predicted by the negative coefficient of term (A) in equation 5. An exception is observed for gluten mixed with addition of 2% and 5% salt at 57.50% water level where the dry gluten increased slightly with mixing time. This explains that gluten mixed at low salt and water levels produces strong gluten network and thus higher gluten content. From Figures 4(b) and 5(b) there is a clear trend of decreasing in the dry gluten content with increasing level of salt for all mixing times and water levels for both flours. This result is also in agreement with the indication of the negative coefficient of term (B) as given in equations 4 and 5. As for the effect of water levels on dry gluten content for both flours as shown in Figures 4(c) and 5(c), a negative effect was observed except for the addition of dough with 2% salt at 5 minutes mixing. This explains that a combination of low mixing time, high water levels and with an addition of low level of salt can produce a strong gluten network (Niman, 1981; Danno and Hoseney, 1982) and thus more quantity. The results for dry gluten content are in parallel to the wet gluten content obtained in this study. This demonstrates that the water content in wet gluten was evaporated from the gluten and left the solid gluten during the air oven drying (AACC, 1976; Georgopoulos et al., 2004) . It is also observed that dry gluten content for strong flour was higher than weak flour. This result is supported by previous study from Ćurić et al. (2001) where gluten content is related to the protein content of the flour. From Table 5 , the most significant effect for dry gluten content is salt while mixing time is insignificant factor for both flours. Effect of water level is significant in weak flour but not in strong flour. Engineering, Vol. 5 [2009 ], Iss. 3, Art. 16 DOI: 10.2202 /1556 -3758.1447 Figure 4: Effect of (a) mixing time at 61.40%, 63.40% and 65.40% water level respectively (with 2%; 5%; 8% salt levels), (b) salt at 61.40%, 63.40% and 65.40% water level respectively (with O 5 min; 8 min; 11 min mixing times) and (c) water levels at 5 min, 8 min and 11 min mixing time respectively (with 2%; 5%; 8% salt levels) on dry gluten content for strong flour Figure 5 : Effect of (a) mixing time at 57.50%, 59.50% and 61.50% water level respectively (with 2%; 5%; 8% salt levels), (b) salt at 57.50%, 59.50% and 61.50% water level respectively (with O 5 min; 8 min; 11 min mixing times) and (c) water levels at 5 min, 8 min and 11 min mixing time respectively (with 2%; 5%; 8% salt levels) on dry gluten content for weak flour In this study, the volume expansion of gluten was measured as described in section 2.3.2. When food is placed in hot oil, the surface temperature rises rapidly and water is vaporised as steam (Fellows, 2000) . Due to evaporation, the surface of the food begins to dry out and form crust as illustrated in Figure 6 . Thus, during frying, the wet gluten expands to a certain size due to the evaporation of water in the wet gluten (Chen et al., 1998) . The responses of volume expansion of gluten to the mixing time, salt and water level effect for strong and weak flour are presented in Figures 7 and 8 . In Figure 7 (a), it is observed that with addition of 2% salt the volume expansion of gluten for strong flour increased with increasing mixing time but with addition of 8% salt and high water level the volume expansion decreased as mixing time increased. During mixing of dough, the gluten network is developed as mixing time increases and the interactions between the polymers cross-links are becoming stronger which leads to an increase in gluten strength (Létang et al., 1999) . Danno and Hoseney (1982) reported that with the addition of salt, the mixing time of dough to achieve optimum development might be delayed due to the slow rate of hydration of flour. Niman (1981) explained that salt can accelerate the gluten formation, tighten the dough and increase the mixing time. Different trend was observed for weak flour where the volume expansion of gluten started to increase as the mixing time increased from 3 to 8 minutes but it started to decrease after 8 minutes mixing time (Figure 8 ). This suggests that gluten network reached the optimum development at 8 minutes mixing for weak flour and mixing more than 8 minutes leads to overmixed gluten. Létang et al. (1999) stated that mixing the dough passes its optimum will break the cross-links due to the breaking of disulphide bonds and makes gluten weaker.
RESULTS AND DISCUSSION
Model selection and verification
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As the salt level increased from 0 to 10% the gluten showed a decrease in volume expansion for both strong and weak flour as shown in Figures 7(b) and 8(b). This result is in agreement with the finding from the work by Danno and Hoseney (1982) where increasing the amount of salt up to 5% increased the width and height of mixograph curve but with addition of 10% salt the dough did not mix into elastic dough for both weak and strong flour. Salvador et al. (2006) reported that the elastic modulus (G') falls slightly in the presence of salt which demonstrates that salt reduces the elasticity of gluten network. The reduction in gluten volume expansion as affected by salt was greater for strong flour compared to weak flour which is confirmed by the higher coefficient of term (B) for strong than weak as given in the equations (6) and (7).
Figures 7(c) and 8(c) show that the fried gluten volume expansion decreased as water levels increased. This result suggests that increasing water level during dough mixing produces weaker gluten network which results in smaller gluten volume expansion. It explains that as water level increased during mixing of dough, gluten became slack at shorter mixing time as compared to low water level. It is in agreement with Faubion and Hoseney (1989) who reported that the dough mixed with high water level has the same properties as overmixed dough. From observation during mixing of dough, the dough produced with addition of higher water level, higher salt level and mixed at longer time was slack and difficult to handle which is the result in overmixed dough. In relation to rheological properties of gluten, the elastic modulus (G') of gluten was reduced as water level increases (Mani et al., 1992; Janssen et al., 1996; Georgopoulos et al., 2003) .
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International Journal of Food Engineering, Vol. 5 [2009 ], Iss. 3, Art. 16 DOI: 10.2202 /1556 -3758.1447 Figure 7: Effect of (a) mixing time at 61.40%, 63.40% and 65.40% water level respectively (with 2%; 5%; 8% salt levels), (b) salt at 5 min, 8 min and 11 min mixing time respectively (with 61.40%; 63.40%; 65.40% water levels) and (c) water levels at 2%, 5% and 8% salt levels (with O 5 min; 8 min;
11 min mixing times) on gluten volume expansion for strong flour Figure 8 : Effect of (a) mixing time at 2%, 5% and 8% salt levels (with 57.50%; 59.50%; 61.50% water levels), (b) salt at 5 min, 8 min and 11 min mixing time respectively (with 57.50%; 59.50%; 61.50% water levels) and (c) water levels at 2%, 5% and 8% salt levels (with O 5 min; 8 min; 11 min mixing times) on gluten volume expansion for weak flour Table 6 show that all three factors gave significant effect on the volume expansion of fried gluten for both strong and weak flour. Mixing time has the least significant effect (P<0.01) on the volume expansion while salt and water level have the most significant effect on volume expansion of gluten (P<0.0001 for both strong and weak flour, both salt and water effect). For all the cases, the volume expansion of fried gluten from strong flour was greater than weak flour. Studies by Chen et al. (1998) and Chiang et al. (2006) also reported that gluten obtained from strong flour expand more than weak flour. This result is expected since strong flour contains more protein than weak flour. Previous studies also showed positive correlation between protein content and the bread quality (Janssen et al., 1996; Sliwinski et al., 2004c) and rheological properties (Janssen et al., 1996; Tronsmo et al., 2003; Sliwinski et al., 2004c) .
Gluten extensibility
The effects of mixing time, salt and water level on the extensibility of gluten for strong and weak flour are presented in Figures 9 and 10 , respectively. For strong flour, the extensibility increased with increasing mixing time as shown in Figure  9 (a). The extensibility of weak flour increased as mixing time increased from 3 to 8 minutes but then decreased as the mixing time increased from 8 to 13 minutes as illustrated in Figure 10 (a). As explained earlier, during mixing of dough, the gluten network is developed as mixing time increases and the interactions between the polymers cross-links are becoming stronger which leads to an increase in gluten strength and extensibility but mixing passes its optimum will break the cross-links due to the breaking of disulphide bonds (Létang et al., 1999) and thus makes gluten weaker and lower in extensibility.
Figures 9(b) and 10(b) clearly show that increasing the salt level has a negative effect on the gluten extensibility for strong and weak flour. This demonstrates that salt weaken the network of gluten as explained in previous section. From these results, it shows that salt have a negative effect on extensibility of gluten which is similar as its effect on volume expansion and also quantity measurement. An increased of extensibility with increasing water level was observed for strong and weak flour as shown in Figures 9(c) and 10(c). This result is not in agreement with previous studies on rheological properties of gluten by Mani et al. (1992) , Janssen et al. (1996) and Georgopoulos et al. (2003) . They found that the elastic modulus (G') of gluten was reduced as water level increases thus reduced the extensibility of gluten. However, Ablett et al. (1985) explained that the elongation of dough increased as water content increased. They suggested that the soft continuous phase of dough will swell in direct proportion of free-water which is responsible in the increase of the elongation. This also explains the effect of water content on gluten extensibility since it affected the gluten network during dough mixing. Strong flour gluten had higher length at fracture for all conditions compared to weak flour given the fact that extensibility is affected by protein content in flour as reported in Janssen et al. (1996) , Tronsmo et al. (2003) and Sliwinski et al. (2004c) .
Summary
The results obtained from this study clearly show that both gluten quantity and quality are affected by the mixing time (0.001 < P < 0.95), salt (0.0001 < P < 0.02) and water levels (0.0001 < P < 0.67). Among the three factors discussed, salt has the most significant effect in both quantity and quality of gluten. Increasing the salt level decreases both the gluten quantity and quality. The effect of water level on the quantity and quality of gluten depends on the amount of salt added and mixing time to develop the gluten. As water level increased, wet and dry gluten content increased with addition of 2% salt but decreased with addition of 8% salt. Increasing the water level decreases the gluten volume expansion for both flours but increases the gluten extensibility. However, for longer mixing time the gluten extensibility decreases as water level increases. This explains that gluten mixed for longer time has weaker strength due to overmixing effect. The effect of mixing time gives an indication of the gluten development with the optimum mixing time indicated by the peak value of gluten volume expansion and extensibility. A combination of the right mixing time, salt and water level will produce high quantity and quality of gluten.
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International Journal of Food Engineering, Vol. 5 [2009 ], Iss. 3, Art. 16 DOI: 10.2202 /1556 -3758.1447 Figure 9: Effect of (a) mixing time at 61.40%, 63.40% and 65.40% water level respectively (with 2%; 5%; 8% salt levels), (b) salt at 61.40%, 63.40% and 65.40% water level respectively (with O 5 min; 8 min; 11 min mixing times) and (c) water levels at 5 min, 8 min and 11 min mixing time respectively (with 2%; 5%; 8% salt levels) on gluten extensibility for strong flour Figure 10 : Effect of (a) mixing time at 57.50%, 59.50% and 61.50% water level respectively (with 2%; 5%; 8% salt levels), (b) salt at 57.50%, 59.50% and 61.50% water level respectively (with O 5 min; 8 min; 11 min mixing times) and (c) water levels at 5 min, 8 min and 11 min mixing time respectively (with 2%; 5%; 8% salt levels) on gluten extensibility for weak flour Engineering, Vol. 5 [2009 ], Iss. 3, Art. 16 DOI: 10.2202 /1556 -3758.1447 
